The question of lung damage as a result of exposure to silicon carbide (SiC) was investigated by inhalation experiments to obtain information on the qualitative response of lung tissue to the test substance (SiC) Old occupational studies showed that employees involved with synthetic abrasives had an up to twofold increase in the incidence of tuberculosis. This was considered to be the result of a silicogenic effect. On the other hand, it was also shown that such workers developed significantly less fibroses than those working with sandstone.I
In a more recent epidemiological study based on medical examinations and lung radiographs, no increase in lung disease was found in workers that used synthetic abrasives in conjunction with premanufactured silicon carbide (SiC) abrasive wheels. There was, however, a limited pneumoconiosis hazard in those concerned with SiC production. 2 Only few reports are available on the causes. Open lung biopsies from two employees working for a fireproof brick manufacturing plant found substantial amounts of SiC and other dusts but not quartz. 3 An interstitial fibrosis in lung tissue was diagnosed in a further case after only a one year exposure to various non-quartz abrasive dusts. As the patient was a heavy smoker and also subjected to other inhalative noxious compounds in his earlier working life, this could not be unequivocally related to the abrasive dusts.
Significant increases in pulmonary diseases have also been reported by SiC manufacturing plants. In the most comprehensive study to date, 171 men from SiC industrial manufacturing branches were examined radiologically and by means of lung function tests; 35% of workers showed shadows on the radiographs with average profusion greater than 0/1 and 14% had average profusion readings of greater than 1/1. In this report the highest quartz concentration amounted to 0-1 mg/m3 whereas that of SiC was 057 mg/m3.4 Exposures to quartz and other crystalline SiO2 compounds in the manufacturing plants must be taken into account as competing causes; according to our findings these can be present in significantly greater concentrations than the mentioned values for SiC and quartz.5 6 Moreover, manufacture related exposures to SiO2 also exist. 7 The recent study by Durand et al 8 concerning alterations in chest radiographs was based on a cohort of 128 workers exposed to SiC in a manufacturing plant. The authors reported that the workers were exposed to crystalline SiO2 during various manufacturing stages. Also, SiC fibres were present in the respired air. Both must be considered to be confounders during exposure to SiC dust.
The results from animal experiments are contradictory: older studies with ill defined experimental conditions have reported fibrogenic effects.1
Another group has reported negative results in animal experiments and concluded that SiC dust is inert. 9 After an inquiry, the commission for establishing threshold values for dusts of Lung surfactant factor (LSF) phospholipids were extracted by the method of Folch et al (1957) . Supernatant lavage fluid (10 ml) was added to 30 ml chloroform:methanol (2:1) and the mixture was stirred for five minutes and centrifuged (1100 g for 5 minutes at 4°C) to separate the methanol and chloroform layers. The chloroform layer was removed, dried under nitrogen, and redissolved in 200,u chloroform:methanol (2:1) for analysis by high perform-ance liquid chromatography (HPLC). The LSF phospholipids were separated according to the method of Pison et al. 8 The equipment (pump with gradient former, spectrophotometer, group.bmj.com on October 28, 2017 -Published by http://oem.bmj.com/ Downloaded from and computing software) was purchased from Gynotek (Munich, Germany). The chromatographic analysis was performed at 30°C at a flow rate of 2 ml/min on a column ( Days Days Figure 3 Mean (SD) total number of cells, macrophages, and granulocytes in BALfluidfrom (A) first inhalation series, (B) second inhalation series. Significantly increased numbers ofgranulocytes occurred in animals exposed to quartz (both series) and clay (days 3 and 21, second series).
Results

ORGAN WEIGHTS AND HISTOLOGY
In both inhalation series, the rats showed normal behaviour and normal development after the inhalation and during the observation period of 90 days.
In the first series a comparison of weight development of the mediastinal lymph nodes showed no significant deviations from normal after exposure to SiC or corundum (fig 1) . Additional response of the lymphatic tissue. The second series involved a group of eight animals subjected to SiC inhalation at a concentration of 20 mg/m3, as in the first series. Quartz DQ12 served as a positive control dust but, contrary to the first series, this was applied at a dose of 20 mg/m3 for five hours daily on 2 x 5 days as was a clay dust (tempered, ground) also given at a concentration of 20 mg/m3. All animals exposed to dust showed increased lymph node weights; however, the weights for the quartz group were clearly greater than those for the SiC and clay dust groups as early as day 3 after ending inhalation (fig 2) .
None of the groups showed any significant changes in lung weights compared with the controls.
CELLS IN BRONCHOALVEOLAR LAVAGE FLUID
In the first series bronchoalveolar lavages (BALs) permitted conclusions to be drawn about the intraalveolar processes prevailing at the time of investi- gation. Of interest in the present study are the results of the cell numbers and the involvement of various cell types in the pulmonary response to the effects of dust. High total cell numbers as well as alveolar macrophages were found three days after the end of inhalation in the SiC group ( fig 3A) . These conditions were reversed after 90 days, when increased cell numbers were found in the quartz treated group. These values must be regarded as the result of an adaptive adjustment to dust exposure in association with the toxic effects of the individual samples. The number of granulocytes reflects the pathological inflammatory stimulus. The results in fig 3A show period ( fig 3B) . More cells were found in the BAL fluid of groups exposed to clay and quartz. The numbers in animals exposed to clay mineral were normal by day 90. Exposure to SiC did not result in a noticeable shift in the numbers of alveolar macrophages, lymphocytes, and granulocytes in the total cell number. Figure 3B shows that the number of lymphocytes and granulocytes constitute less than 10% of the total cell number.
The situation was different in the case of quartz. As the dust concentration was fivefold higher compared with the first series, a correspondingly higher granulocytic response was seen in the BAL fluid.
The findings indicate that at this concentration there was an increase in the amounts of granulocytes even up to day 90 of observation. Up to 70% of cells found in the lungs were granulocytes.
LUNG SURFACTANT PHOSPHOLIPIDS IN BRONCHOALVEOLAR LAVAGE FLUID
The LSF phospholipids are a component of the pneumocyte type U-LSF system. Both the total amount of LSF phospholipids as well as the composition of the subfractions need to be considered. Pronounced responses are to be expected based on clinical and experimental studies of intra-alveolar inflammatory processes, particularly in the case of initiation of fibrotic processes of different origin.
In both series the total amount of LSF phospholipids was only increased in animals exposed to quartz (figs 4A and 5A).
The relation between subfractions of LSF is a particularly sensitive response to the inflammatory or fibrogenic effects of dusts. In particular the relation between PG and PI reflects the changes in the intra-alveolar environment. According to earlier studies, the normal ratios range from 2:1 to 3:1. On exposure to quartz and kaolinite abnormal ratios of < 1:1 were obtained. By contrast, SiC induced no such alterations in the LSF subfractions, with values corresponding to those of the untreated control animals ( fig 4B) . In the second series of studies, there were indications of a slight but significant decrease below the level of 2:1 after exposure to clay as well as a slight toxic effect at day 21 after inhalation ( fig 5B) . This finding is in agreement with the increase in granulocytes in the BAL fluid also seen at this time. Figure 6 presents the results of the testing of the five exposure groups. Control animals as well as animals exposed to SiC showed simular maximum flow values (>8-5 mlIs), whereas exposure to quartz and to a lesser degree kaolinite gave lower flow rates (<8.0 mlIs).
LUNG FUNCTION
ELIMINATION OF DUST FROM THE LUNG
Elimination studies show a differential response to SiC and quartz. Two inhalation series with SiC were carried out: SiC alone and quartz in combination with SiC (first series) as well as SiC alone compared with quartz alone (second series). Both (-SiC, Oquartz) . Dust deposits at day 3 after inhalation were higher in SiC group. Subsequently SiC was eliminated more effectively. inhalation series produced similar results (fig 7A  and B) . The initial amount of dust directly determined on day 3 showed the lowest and highest lung dust burden in the groups exposed to quartz and SiC alone respectively. The experimental times of investigation allowed the elimination rate to be determined from these different starting points. Quartz elimination was clearly inhibited up to 90 days after completion of elimination. In the case of SiC only 23% of the initial amount was found in the lungs, but 60% of quartz was still retained. In our opinion, the differing situation at day 3 is due to an initially enhanced elimination during exposure to quartz dust; clear evidence of this was obtained from previous studies. On the other hand, the present data cannot definitely rule out that a different primary deposition based on non-uniform grain size distribution had taken place.
Discussion
The toxicological studies on the biological effects of SiC were carried out with the aid of inhalation experiments. The standard reference dust quartz DQ12 and corundum served as comparative dusts together with various clay mineral dusts. The inhalation experiments were carried out according to the standard model in Essen, which allows the investigation of both the initial inflammatory processes in the alveoli (alveolitis) directly after dust exposure (three days postinhalation) and possible long term pulmonary damage (21-90 days postinhalation). Based on other studies it is known that distinct fibrotic responses can be detected in the lungs and in the mediastinal lymph nodes even with colliery dusts containing less than 1% of quartz at the doses used in the same experimental design. 19 In these studies, however, less emphasis was placed on the question as to what extent the dusts studied caused chronic pulmonary diseases and more on the testing of decisive primary events after dust deposition which contribute to the type and extent of fibrogenic pneumoniotic diseases. These events are primarily associated with the alveoli and result from the effects arising from the interaction between alveolar macrophages and dust. These effects include the liberation of mediators, to cause inflammatory processes as well as stimulation of the lung surfactant pneumocyte type II system. The indirect effects of these primary actions are alterations to clearance efficiency of the lungs and an enhanced lung dust burden. This results in the decisive lung dust dose that, in conjunction with the specific fibroblastic effects of the particles, is finally responsible for the overall effect of the dusts.
To prevent non-specific side effects by unphysiological dust application-for instance, intratracheal instillation-inhalation experiments have been used. Thus the qualitative onset of the questionable pathogenic event chain induced by the test substances can be investigated. Non-specific epiphenomena by intratracheal injection are possibly inflammation to dust overload and a non-specific outcome to lung elimination and dust retention.
Valuable information can be obtained from the results of inhalation experiments. These are designed to test the acute effects of dust as well as to study those events leading to chronic and terminal transition of dust effects. Initially, organ weights can be used as the simplest variable and those of the mediastinal lymph nodes are of particular value in the case of fibrogenic and cytopathogenic dusts.
These simple variables reflect the three divisional toxicity of dusts in the samples studied. Roughly the dusts can be subdivided into three classes:
(1) Dusts without recognisable effects in relation to air controls-namely, SiC, corundum, and kaolinite in one experiment.
(2) Dusts with small and only transitory effectsnamely, tempered clay as well as low doses of the positive reference dust, quartz DQ12.
(3) The toxic quartz DQ12, which produced effects in all variables studied at the standard dose.
Quartz showed the highest effects whereby the weight of the lungs and also the lymph nodes had increased soon after ending inhalation. There was also a progressive increase over the entire observation period of 90 days. Klosterkotter) . It is remarkable that as well as the high elimination of SiC practically no lymphatic penetration by the dust had taken place. From a hygienic point of view, it is relevant that even this index shows no negative response under the influence of SiC. It can be concluded that a burdensome situation necessitating a physiological curative response is not given for SiC. The significance of these results in respect to the medical hygienic evaluation for SiC is discussed in the accompanying paper. '7 Summary and conclusions The hygienic, occupational medical rating of the major test substance SiC is based on experimental procedures related to primary pulmonary reactions following deposition. The present results were obtained with several independent assays and two different inhalation experiments.
All results obtained were consistent and correspond to the present day knowledge on the initia-tion of chronic pneumopathies from events primarily induced in the alveolus. The role of alveolar macrophages in lung purging as well as the sensitive changes in the LSF PII cell system are in agreement with the results of the differential cell pattern in BAL fluid as well as those of TNF-a production from the various exposure situations (see companion paper). '7 SiC showed no divergent results from those of controls in all the tests studied. By contrast, quartz always behaved differently from the control and SiC even at small doses. Various other dust samples cotested were considered to be of intermediate toxicity in several indices. Here, the testing of LSF subfractions proved to be particularly sensitive. A final ranking of substances from an occupational medicine-hygienic viewpoint should be undertaken in conjunction with the results from long term studies.
